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Metal oxide substrates having biomolecules Immobilised thereon 



Field of the Invention 

The present invention relates to the field of molecular biology. In a first aspect, ihe present 
invention relates to a method for preparing a metal oxide substrate provided with 
6 biomolecules. In another aspect the present Invention relates to metal oxide substrates 
having biomolecules Immobilised thereon. In a further aspect, the present Invention 
relates to the use of a metal oxide substrate according to the present Invention for 
performing probe-based assays. 

Background of the invention 

10 MIcroarrays comprising a metal oxide substrate loaded with biomolecules are known in 
the art and are useful for performing probe-based assays, Including gene expression 
profiling, mutation detection, hybridisation. Immunoassays, receptor/ligand assays, or for 
separating other substances from mbclures by hybridising, binding or Interacting with those 
other substances. 

15 

A particular advantageous type of metal oxide substrate for use in arrays for probe-based 
assays is described in WO 99/02266 and relates to a porous substrate, which is 
electrochemlcally manufactured. These substrates can be manufactured cheaply through 
electrochemical etching of a metal sheet. Such substrates have through-going, oriented 
20 channels with well-controlled diameter and advantageous chemical surface properties, 
■me metal oxide substrates having such through-going channels provide more accurate 
and reliable detection results, and reduced background interference, when used in probe- 
based assays. 

25 Several methods have been disctosed for preparing metal oxide substrates toaded with 
biomolecules. One method comprises the steps of activating the surtiace of the substrate 
by means of a silanating agent comprising an amine group; and subsequently toading the 
substrate by attaching biomolecules to the silanized or activated surface. Such a method 
is known, e.g. from WO 99/002266. In which method aluminium oxide substrates may be 

30 activated using 3-amlnopropyl triethoxysllane (APS) after which oligonucleotide probes 
are covalently coupled to the activated substrates. 

Improvements in the preparation of toaded metal oxide substrates are disclosed in for 
example WO 01/12846 wherein increased speclftelty for the envisaged Interactions is 



ti&in&Tby treating^e loaaea support with an acidic solution. As such, unloaded amino- 
groups, which may be present and result in unwanted interactions are removed from the 
substrate, without affecting the loaded part of the surface. 

According to the above-described methods, the surface of the substrate is activated prior 
to loading thereof with biomolecules to obtain a loaded surface. Thereto, the substrate 
surface is (poly)-functlonal or able of becoming (poly)-funcUonalised or activated with 
reactive groups capable of forming a covalent bond with the biomolecule(s) to be 
Immobilized. Although proven to be efficient, the methods as described above often 
Involve the loading of the activated surfaces with biomolecules having attached thereon 
reactive functional groups such as amino groups, aldehyde groups, thiol groups, or biotin 
compounds which are generally e>q3ensive and may suffer instability. 

As will be appreciated In the art, there Is a continuous need for improved methods and 
devices for suitable probe-based microan^y analysis, it is therefore a general object of the 
present Invention to provide an Improved method for preparing metal oxide substrates 
having biomolecules immobilised thereon. It is In particular an object to provide an 
improved method for immobilising biomolecules on a metal oxide substrate, wherein the 
biomolecules to be immobilized do not need to be pre-activated with reactive functional 
groups. 

In addition, it Is another object of the present invention .to provide an improved metal oxide 
substrate having biomolecules immobilised thereon. 

Sunnmaiy 

The problem addressed by the present invention is to provide an improved metal oxide 
substrate ha>dng biomolecules immobilised there<m and a method lor preparing such 
substrate. 

In a first aspect the present invention relates to an improved method lor providing 
biomolecules on a metal oxide substrate comprising the steps of: 

a) coating said substrate with a polymer by bringing said substrate into contact with a 
solution comprising said polymer such that the polymer in said solution is able to form a 
coating on a surface of said substrate, 

b) deposing said biomolecules onto the substrate obtained in step a) by bringing said 
biomolecules into contect with said substrate, and 
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c) immobilizing said biomolecules onto the substrate obtained In step a) by covalently 
binding said blomolecuies to said substrate by means of electromagnetic irradiation. 



In a prefen-ed embodiment, the metal oxide substrate prepared according to the present 
method is a porous metal oxide substrate, preferably an aluminium oxide substrate, 
having oriented through-going channels, preferably an electrochemically manufactured 
porous metal oxide substrate. 

An Important characteristic of the present method Is the use of a polymer for coating the 
substrate. Metal oxide substrates in general, and porous metal oxide substrates In 
particular, are known to be inert and to have low surface adsorption. In addition, they are 
inherent hydrophilic. As a consequence thereof, it Is difficult to stably attach biomolecules 
onto such metal oxide substrates. It has now been found that a polymer, and In particular 
a polypeptide can be adsorbed strongly onto the metal oxide surface and is partlcularty 
suitable for coating the substrate. Coating of the substrate with such polymer enables the 
easy and rapid attachment of biomolecules to the coated substrate. 

Another important characteristic of the present method consists in providing real covalent 
bonds between the biomolecules and the coated substrate. In accordance with the 
present method, such bonds are obtained by means of UV irradiation, which provides 
strong covalent binding not only of the biomolecules to the polymer coating. Such UV 
Irradiation also provides the polymer molecules to be mutually covalently bound. As a 
result thereof, a very stable substrate is obtained. 

In a second aspect the invention relates to a metal oxide substrate prepared according to 
the present method, having a surface that Is coated with a polymer, said substrate having 
biomolecules Immobilised thereon, wherein said biomolecules are Immobilised on said 
substrate by covalent binding by means of electromagnetic Irradiation. 

In a prefen^d embodiment, said metal oxide substrate is a porous metal oxide substrate, 
preferably an aluminium oxide substrate, having oriented through-going channels, and 
preferably an electrochemically manufactured porous metal oxide substrate. 

The metal oxide substrates according to the Invention are particularly useful in probe- 
based assays. Those skilled In the art will Immediate recognize the many other effects and 
advantages of the present method and metal oxide substrates and the numerous 



posslbilltles'foT~fe7fd"Trsw^f^ from the detailed description and 

examples provided below. 

Detailed description of the invention 

The present Irivention has surprisingly provided a cost-effective method that enables rapid 
' and easy inimdbjllsation of bidnriolecnjles on an Inert metal o)dde substrate. 

In a first embodiment, the present Invention relates to a method for providing biomolecules 
on a metal oxide substrate comprising the steps of: 

a) coating said substrate with a polymer by bringing said substrate into contact with a 
solution comprising said polymer such that the polymer in said solution Is able to form a 
coating on a surface of said substrate, 

b) deposing said biomolecules onto the substrate obtained in step a) by bringing said 
biomolecules Into contact with said substrate, and 

c) Immobilizing said biomolecules onto the substrate obtained in step a) by covalently 
binding said biomolecules to said substrate by means of electromagnetic irradiation. 

A number of materials suitable for use as substrates In the present invention have been 
described In the art. In view of strength and rigidity, a metal or a ceramic metal oxide may 
be used. As a metal, for example, a porous substrate of stainless steel (sintered metal) 
may be used. For applications not requiring heat resistance, a porous substrate of an 
organic polymer may also be used if it is rigid. Atfove all, in view of heat resistance and 
chemical resistance, a metai oxide may be used. 

Materials particularfy suitable for use as substrates In the present invention Include porous 
metal oxide substrates known in the art. The term "porous substrate" as used in the 
present specification refers to a substrate possessing or full of pores, wherein the term 
"pore" refers to a minute opening or microchannel by which matter may be either 
absoriDed or passed through. Particularly, where the pores allow passing through of 
matter, the substrate is likely to be permeable. 

Metal oxides as employed within the present invention provide a substrate having both a 
high channel density and a high porosity, allowing high-density an-ays comprising different 
target molecules per unit of the surt^ace for sample application. In addition, metai oxides 
are highly transparent for visible light. Metal oxides are relatively cheap substrates that do 
not require the use of any typical microfabrication technology and. that offer an improved 
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control over the liquid distribution over the surface of the substrate, such as 
electrochemically manufactured metal oxide membrane. Metal oxide membranes having 
through-going, oriented channels may be manufactured through electrochemical etching 
of a metal sheet. . 

Metal oxide substrates or membranes as employed in the methods of the present 
invention may be anodic oxide films. As well known In the art, an aluminium metal 
substrate may be anodlsed In an electrolyte to produce an anodic oxide film. The 
anodlzatlon process results In a system of larger pores extending from one face and 
Interconnects with a system of smaller pores extending from the other face. Pore size Is 
determined by the minimum diameters of the smaller pores, while flow rates are 
detennined largely by the length of the smaller pores, which can be made very short. 
Accordingly, such membranes may have oriented through-going partially branched 
channels with well-controlled diameter and useful chemical surface properties. 
Advantageously, such membranes are transparent, especially If wet. which allows for 
assays using various optical techniques. WO 99/02266 which discloses the Anopore 
porous substrate Is exemplaiy In this respect, and Is specifically Incorporated by reference 
in the present Invention. 

Particular useful porous substrates as employed In the methods described In the present 
specification are 3-dlmenslonal substrates, whicSh allow pressurized movement of fluid, 
e.g. the sample solution, through Its structure. As such, particular useful porous substrates 
as employed In the present methods possess a penneable or flow-through nature. In 
contrast with two-dimensional substrates. 3-dlmenslonal substrates or microanrays as 
employed In the methods as described herein give significantly reduced hybridisation 
times and Increased signal and slgnal-to-nolse ratios. Further, a positive or negative 
pressure may be applied to the arrays In order to pump the sample solution dynamically 
up and down through the substrate pores. Said dynamical pumping allows Immediate 
removal and ability to perfomi real-time detection of generated products from a reaction 
which takes place within the pores of the substrate by fast binding of said generated 
products to the substrate pore walls. 

As used herein, the term "surface" of said substrate refers to the outer and/or the Inner 
surface of the substrate. The surface of the substrate on which a biomolecule Is 
immobilised may be an external surface or an intemal surface of the porous substrate, or 
a combination of both. Particularly where the substrate Is porous, the molecule Is likely to 



be-attaehed^e-^Ft-internahsurface-Biomoletxile^ntil^^ on the complete 

surface or on specffied regions of the surface. 



As used herein the temis "coating" or "providing a coating" refer to the process of applying 
5 . .a tbin layer of a -sul)stance on substrate. As used herein these terms may. refer, to. 
Pf^vidihg a substance over the complete surface or over only a part of the surface of the 
substrate, whereby the surface may Include the inner surface as well as the outer surface, 
or both. Coating of a substrate surface typically provides an activated substrate surface. 
Suitable substances used In the present Invention to obtain activated substrate surfaces 
10 are polymers. The temi "activated" as used in the present invention refers to the presence 
of reactive groups on the substrate surface capable of reacting with a modified or 
unmodified target blopolymer to cause the target blopolymer to be immobfllzed on the 
surface, such as by covalent or non-covaient attachment. 



15 The temi "deposing" is used as a synonym for "loading" and refers to the mere deposition 
of (blo)molecules onto the activated surface of a substrate or a part thereof, I.e. without 
actual bonding of said biomolecules to the activated surface such as fomiation of chemical 
or covalent bonds. 

20 The terni Immobilizing" as used in the present specification refers to the attachment or 
adherence of one or more bionrjolecules to the activated surface of a porous substrate 
Including attachment or adherence to the activated inner surface of said substrate. 

The tenns "covalently binding", "covalently attaching" or "cross-linlting" are used herein as 
5 synonyms and refer to the fonnatlon of real chemical bonds between molecules. When a 
blomdecute is covalently attached to a substrate, this means that this moiecute is 
attached by means of covalent chemical linkage. The tenn "chemical bonds" and "covalent 
bonds" are used herein as synonyms. 

0 The terni "polymer as used herein refers to molecules consisting of at least two repeated 
chemical unite joined together. The tenn polymer as used herein implies positively, 
negatively or neutrally changed polymers as well as co-polymers, such as by way of 
example and not limitation, polytrimethylamlnomethylmethacrylate. 
polydimethylamlnomethyfmethacrylate, polymethylamlnomethylmethacrytete and poly- 
aminomethylmethacrylate. Polymers according to the Invention may comprise multiple 
annide functional groups, such as in "polypeptides". . muWpte catlonic (I.e. positively 
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Charged) functional groups, such as in -polyamlnes". or a combination of multiple amide 
and multiple cationlc functional groups, such as in "polyamine polypeptides". Substrates 
accoiding to the present invention may be coated with poly-cationic substances of which 
non-llmlting examples include protamine sulfate grade X. protamine chloride grade V. 
5 protamine phosphate grade X. poly-L-lysine hydrobromide. spermidine phosphate salt, 
spermidine diphosphate salt and Protosan G113 and CL113. 

The temi "polypeptide" as used herein refers to a polymer of amino acids, which may 
Include positively charged, negatively charged as well as neutral amino adds, including 

10 polymers of amino acids having different enantiomeric forms, i.e. L as well as D fonms of 
the amino acids. Polypeptides are chains of amino adds held together by amWe bonds. 
Examples of suitable polypeptides for use In the present Invention comprise but are not 
limited to poly-aspartate. poly-glutamate. poly-cysteln. poly-serin, poly-methionin. poly- 
arginin, poly-histidin. poly-try ptophan. poly-alanlne, poly-lyslne. poly-leudn. poUMsoleudn. 

15 poly-tyrosine. poly-valin. poly-glydn. polyi)rolln. poly-phenylalanin. poly-threonin; 
polymers of other natural amino adds (e.g.. omitlne); polymers of non-natural amino adds 
(e.g.. beta-amino adds, homo-lyslne. NH2^H-(CH2)^NR8-COOH); and derivatives (e.g., 
N-methyl lysine, phosphotyroslne) and mbdures (e.g.. [Pro-Lys-Pro-homoLys-lc) thereof. 

20 The temi -polyamine" as used herein refers to amlne-contalnlng polymers, i.e. polymers of 
mdecules consisting of repeated chemical units having -Nl^». functional groups induding 
primary, secondary, tertiary, and quaternary amines. Examples of polyamlnes suitable for 
use in the present Invention comprise but are not limited to polyethylenelmlne, 
tetraethylenepentamlne. ethylenedlamlne. diethylenetriamine. triethylenetetramine. 

25 pentaethylenehexamlne, hexamethylenedlamlne. phenylenedlamlne, poly(N-methyl- 
vlnylamlne). poly(allylamlne). or the like. 

The term -polyamine polypeptide" as used herein refers to polymers of molecules 
consisting of repeated chemical units having amide functional groups and amine 
30 functional groups. Example of suitable polyamine polypeptides for use in the present 
invention comprise but are not limited to poly-lysine. poly-omithine. poly-arginin. and 
natural and non-natural derivatives or mixtures thereof. 

The terms "biomolecule". "target", "target-molecule" and "target-biomolecule" are used 
35 interchangeably throughout the present invention and refer to molecules Immobilized on a 
substrate; also referred to as immobilized probes or capture probes. A wide variety of 



diffe^en^molecaI^"^aBrbe-irnmo6^fi2ea on ffie"sufetrat© of the present arrays. SImHariy. 

the present methods are appffcable to a wide variety of different molecules or targets that 
may be immobilized on the present substrate. A biomolecule as used in the present 
specification refere to any molecule, which may be attached to a substrate for the purpose 

^5 of perfonTiln| rntero^ a molecule, that- may be 

recognized by and/or interact with a particular analyte. 



As used herein, the term "biopolymer" refers to a target molecule of Interest that may be 
attached to a substrate according to a procedure appropriate to the staicture of the 

10 biopolymer. Optionally, the biopoiymer is a nucleic add sequence, Including a single 
stranded or double stranded polynucleotide, where the polynucleotide may be RNA, DMA, 
or PNA (peptide nucleic acid, wherein the nucleotide backbone is a peptide backbone). 
Where the biopolymer is a protein, such as a ligand, a receptor, an antibody, cell surface 
protein, and the like, the probe to capture or analyte is. for example, a receptor, ligand, 

15 antibody, polynucleotide, or other biopolymer or smaller molecule capable of fomiing a 
complex with the immobilised target protein. Preferably the biopolymer is known, 
knowable, determinable, or othenAnse identifiable. 



In general, covalent binding of a biomolecule to a substrate surface requires chemical 
20 modification of the biomolecule, e.g. by means of the addition of reactive functional groups 
to the biomolecule. The process by which biomolecules are provided with reactive 
functional groups Is also referred to as "activating the biomoleGules". Biomolecules may be 
activated by attaching to their temilnal group a reactive functfonal group such as an amino 
group, an aldehyde group, a thiol group, a biotin compound, or the like. However, such 
>5 funcHonal groups are generally very expensive and often may be Instable. 

By providing UV Innadiation for covalently binding the biomolecules on the coated or 
activated surface of the substrate In the method according to the present invention no 
special or expensive acUvo groups need to be attached to the biomolecules for covalently 

10 immobilising these on the coated substrate. The present Invention thus provides a method 
wherein said biomolecules are preferably not chemically modified or activated prior to 
attachment to the polymer-coated surtiace of the substrate, but are preferably directly 
covalently bound to the coated surlaoe of the substrate. The use of UV Irradiation for 
covalently binding the biomolecules on the coated surface of the substrate provides 

5 effective covalent binding of a biomolecule to the polymer coat In a rapid and easy way. In 
addition, the method according to the Invention also provides effective covalent 



interlinkage of the polymers relatively to each other. The covalent bonds are of Importance 
for providing a more stable substrate. 

In another preferred embodiment the present Invention relates to a method wherein the 

5 polymers are substantially adsorptively bound on the metal oxide substrate. The teim 
"adsorptively" refers to the adherence of the polymers to the substrate without fbrming 
covalent bonds. The cross-linking step by means of electromagnetic Inradiatlon according 
to the present method preferably provides only to a lesser extent a covalent bonding 
between the metal oxide substrate and the polymer coat, and the polymer coating Is thus 

10 -substantially adsorptively" bound on the metal oxide substrate. Because the adsorptlve 
binding of the polymer to the substrate Involves many 'relative* weak bonds the result Is 
relative strong and Ineverslble binding of the polymer to the substrate. The present 
Invention advantageously and surprisingly proves feasible such type of binding on metal 
oxide surfaces and thus provides a novel activation method to these type of substrates. 

15 The present Invention therefore provides an Improved activated metal oxide substrate in 
addition to metal oxWe substrates being activated by chemical modification by for example 
silanization by means of the addition to the substrate of a silane-coupling agent as well 
known In the art which further requires the activation of the blomolecules to be 
immobilised thereon. Therefore, In another prefen-ed embodiment, the present invention 

20 provides a method wherein the metal oxide substrate does not need to be. 
polyfuncBonallsed or activated by way of chemical silanization with reactive functional 
groups prior to providing blomolecules on saW substrate. 

In a prefen-ed embodiment, the method according to the invention comprises a first step of 
25 coating a metel oxide support by submerging said substrate in an aqueous solution 
comprising a polymer such that the polymer in said solution Is able to fomi a coating on 
the surface of said substrate. Then the substrate is removed from the solution comprising 
the polymer and allowed to dry for a suitable period. Subsequently, the dried substrate 
may be stored, preferably for at least one week. Preferably, the concentration of the 

30 polymer used in the submerging step is between 0.0001 and 1 % w/v. and more 
preferably between 0.001 and 0.01 % w/v. The metel oxide substrate Is preferably 
submerged during a reaction time between 5 minutes and 72 hours, more preferably 
during 60 minutes, at a temperature preferably comprised between IS'C and 50»C. and 
preferably at room temperature, and at a pressure preferably below 0.2 bar. The time of 

35 drying the coated metal oxide substrate is preferably comprised between one week and 
four months. 
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Then the biomolecules are covalently bound to the coated surface of said substrate by 
deposing the bionrjolecules of the substrate and applying electromagnetic radiation. The 
coated metal oxide substrate is preferably inadiated with electromagnetic radiation having 
a wavelength ranging from about 40 nm to about 400 nm and more preferably at a 
wavelength of 260 nmi sudh thaVtheliiomolecules are (»valently attached to the coated 
substrate. Preferably. Irradiation Is perfonned during 6 to 120 seconds, and more 
preferably during 40 seconds. In a prefened embodiment, the In^diatlon step is performed 
before the provided biomolecules become completely dry. If the biomolecules are 
completely air-dried, proper hydration is necessary to make the biomolecules spread out 
evenly over the entire area of the loaded surface before UV cross-linking is performed. 

After this step, the substrate is heated by baking. The baking step Is preferably perfonned 
for a period of less than 5 hours, and more preferably for 2 houre, at a temperature 
preferably comprised between SOCC and 120''C and more preferably at 80"C. The baking 
step provides Improved covalent binding of biomolecules to the coated substrate and 
improved adsorpflve binding of the coating layer onto the substrate. 

A further step may comprise bkxsking amine groups of the polymer coating whereon 
biomolecules were not attached by using a blocking agent such as e.g. succinic 
anhydride. Sucdnic anhydride is a molecule Mm two active carboxyl gnjups. For Instance, 
when using poly-L-lyslne as a polyrner. a condensation reaction takes place and for every 
sucdnic anhydride molecule one peptide bond is fomied with the poly-L-lysine. 

The surface of the metal oxide substrate is coated using a solution comprising a polymer. 
In a prefenred embodiment, the polymer used In the method accorriing to the present 
Invention comprises multiple amide functional groups and/or multiple cationic functional 
groups. In anotiier prefen^d embodiment said polymer is selected from flie grxxip 
comprising polypeptides, polyamines, polyamine polypeptides, co-polymers such as 
poiytrimethylamlnomettiylmetiiacrylate, or mixtures thereof. In addition, it is to be 
understood ttrat polypeptides of both enantiomers, l.e. L as well as D fomis of the 
amino adds, may be used in accordance witt> the present method. More preferably, 
said polymer is selected from the group comprising poly-aspartate, poly-glutamate, 
poly-cystein, poly-serin, poly-mettiionin. poly-arginin, poly-histidin, poly-tryptophan, 
poly-alanine. poly-lysine, poly-leudn, polyisoleucin, poly-tyroslne, poly-valin, poly- 
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glydn, poly-prolln. poly-phenylalanln. poly-threonin. and natural and non-natural 
derivatives or mixtures thereof. 

A particularly preferred polymer Is poly-L-lysine. Poly-L-lyslne is capable of binding 
biomolecules. e.g. DNA molecules, via two modes, firstly by fomiing a non-covalent 
Ionic Interaction of the negatively charged phosphate groups In the DNA backbone with 
the positively charged primary amine side chain of poly-L-lyslne; and secondly, by 
fbmning a covalent Interaction via a reaction of the thymldln free radical of the DNA 
molecule, generated during the UV cross linking step, with this primary amine or with 
10 the secondary amide of the poly-L-lysine. As a consequence thereof, a partlcularty 
stable bond of the biomolecules to the metal odde substrate can be obtained when 
using this spedfic polymer. 

In another preferred embodiment, said metal oxWe substrate is a porous metal oxide 
15 substrate. The term "porous substrate" as used herein refers to a substrate possessing or 
full of pores, wherein the temi "pore" refers to a minute opening or mlcrochannel by which 
matter may be either absorit)ed or passed through. Particularty. where the pores allow 
passing-through of matter, the substrate is likely to be pemneable. According to the 
invention, various pore sizes may be employed. The porous substrate may be planar or 
20 have simple or complex shape. 

In a preferred embodiment, the metal oxide substrate is a substrate having oriented 
through-going channels. Even more preferred the metal oxide substrate is a substrate 
having oriented through-going channels such as the one described in WO 99/02266. 

25 More preferably, the channels are opening out on a surface for sample application and 
the channels In at least one area of the surface for sample application are provided 
with a blomolecule capable of binding to an analyte. Metal oxide substrates having 
such through-going channels provide more accurate and reliable detection results, and 
reduced background Interference, when used in probe-based assays. Metal oxide 

30 substrates having through-going, oriented channels may be manufactured through 
electrochemical etching of a metal sheet 

The kind of metal oxide is not especially limited. Metal oxides consWered are, among 
others, oxides of zirconium, silicium. mullite. cordierite. titanium, zeolite or zeolite analog. 
35 tantalum, and aluminium, as well as alloys of two or more metal oxides and doped metal 
oxides and alloys conteiining metal oxides. 



n-aH1lore'prefe^^-embod^ment^a^methox^^es^desa^ 
metal oxide substrate is an aluminium oxide substrate. 

In another preferred embodiment of the method according to the invention, biomdecules 
are covalentiy bound to the osated surfece of the subsfrate In spots, thereby forniing.a 
(micrb}arFay of spots. 

in the present invention, biomolecuies are Immobilized on the substrate at a spatially 
predefined region, i.e. at a particular spot. The temis "predefined region" or "spor are 
used interchangeably in the present specification and relate to individually, spatially 
addressable positions on a substrate. 

A predefined region is a localized area, typically on the top-surface of the substrate which 
is, was, or is Intended to be used to terget molecule deposition. Subsequent terget 
molecule immobilization may be on said top surface (external) or on the surface of the 
pores within the porous substrate (intemai surface) or both. 

The predefined region may have any convenient shape, e.g., circular, rectangular, 
elliptical, wedge-shaped, etc. A predefined region may be smaller than about 1 cm^ or 
less than 1 mm^. Usually, the regions have an area of less than 50.000 pm^, more 
usually less than 10.000 pm^ or more usually less than 100 pm^ and may be less than 
10 pm^. 

The predefined regions on the substrate are spatially arranged and laid out in precise 
patterns, such as rows of dots, or rows of squares, or lines to fomn distinct an^ys. 
The tenm "mlcroanay" as used in the present specification refers to a porous metal 
oxide substrate, with a matrix of terget-molecules anayed at specific positions. 

The substrates of the present Invention may be of any desired size, from two spote to 10^ 
spots or even more. The upper and lower llmlte on the size of the substrate are 
determined solely by the practical considerations of working with extremely small or large 
substrates. 

For a given substrate size, the upper limit is determined only by the ability to create and 
detect spots in the mlcroarray. The prefemed number of spots on a microarray generally 
depends on the particular use to which the mlcroanay is to be put. For example. 
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sequencing by hybridisation will generally require large arrays, while mutation detection 
may require only a small array. In general, microan^ys according to the present invention 
contain from 2 to 10.000 spots per square millimeter. A parBcular useful spot density is 
within a range of 2 to 1000 spots per mm='. A more particular useful spot density Is within a 
5 range of 2 to 100 spots per mm^ Usuallya microarray useful in the present Invention has 
a spot density of 25 spots per mm^ 

Furthermore, not all spots on the microarray need to be unique. Indeed. In nr«ny 
applications, redundancies in the spots are desirable for the purposes of acting as Internal 
10 controls. 

Methods and arrays of the present Invention may have incorporated the use of 
immobilized Internal references, which may bind to reporter molecules to correct for 
signal enors due to variations in sample preparation. In this regard, the Intematlonal 
15 patent application PCT/EP02/14426 Is exemplary, and Is specifically Incorporated In 
the present Invention. 

In yet another embodiment of the present method said covalently attached biomolecules 
may comprise the same or different biomolecules. Preferably, substrates according to the 
20 invention comprise different biomolecules In different spots, allowing multi^nalyte 
detection. 

Alternatively, each spot of the array may comprise a mixture of polynucleotides of 
different sequences. These mixtures may comprise degenerate polynucleotides of the 

25 stmcture NxByNz, wherein N represents any of the four bases and varies for the 
polynucleotides In a given mixture. B represents any of the four bases but is the same 
for each of the polynucleotides in a given mixture, and x. y. z are integers. Alternatively, 
spots may comprise mixtures of polynucleotides that con-espond to different regions of 
a known nudeic acid; these regions may be overiapping. adjacent, or non-adjacent 

30 Anays comprising these types of mixtures are useful In. for example. Identifying 
specific nucleic acids, including those firom particular pathogens or other organisms. 
Both types of mixtures are discussed In WO 98/31837. herewith Incorporated by 
reference. 



35 A prefen-ed method to spot the surface with biomolecules applies InkJet technology. This 
technology allows for the accurate deposition of defined volumes of liquid. (See e.g. T. P. 



1*eiiaul1^-DNA^diagnostlc-systems— based-nanr-no»^CR^^ 
Conference on Bloc^ip Anray Technologfes, Washington DC, May 10.1995). 

In another embodiment of the method according to the Invention the biomolecules are 
5 selected from the group comprising oligonucleotides, polynucleotides, ribonucleotides, 
- -proteinSi antibodies, antigens, peptides, oligo or poly sacharides, receptors.'haptens and" 

llgands. As mentioned above, the biomolecules do not need to be chemically modified 

prior to loading to the coated substrate. 

10 The methods and anBys are particularly exemplified herein in terms of nucleic add 
sequences including deoxyribonucleic adds (DNA. cDNA). rlbonudelc adds (RNA, 
mRNA, cRNA, aRNA). peptide nucleic adds (PNA) and/or fragments thereof Indudlng 
po^udeofldes and oligonucleotides as biomolecules. immobilized on a substrate. 

5 The immobilized molecules may be tailored to spedfically bind to or hybridise with 
spedfied analyte molecules. For example. If a substrate according to the invention is used 
to detemilne expression of a particular gene from a cDNA library that has been reverse 
transcribed from mRNA molecules, the immobilized molecules will be constmcted with a 
sequence complementary or othenwise capable of recognizing the gene, gene fragment or 
expression products of such gene or gene fragments. In this context, the nudeic adds 
may be derived from any biological sources induding, but not limited to. human, animal, 
plants, bacterial, fungal, viral, environmental or other sources. 

The composition of the immobilized poiynudeotides is not critical. The only requirement is 
that they be capable of hybridising to a nudeic add of complementary sequence, if any. 
For example, the polynucleotides may be composed of all natural or all synthetic 
nucleotide bases, or a combination of both. Non-limiting examples of modified bases 
suitable for use with the instant invention are described, for example. In Practical 
Handbook of Biochemistry and IWolecular biology, G. Fasman, Ed.. CRC Press, 1989, pp. 
385-392. While In most instances the poiynudeotides will be composed entirely of the 
natural bases (A. C. G, T or U), in certain drcumstances the use of synthetic bases may 
be preferred. 

The length of the Immobilized biomolecules, in instances where they are nudeotides, 
poiynudeotides, nudeic adds or similar polymers, will usually range between 5 to 1000 
nucleotides, optionally 5 to 500 nucleotides, further optionally 5 to 250 nudeotides, still 
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further optionally. 20 to 100 nucleotides. The polynucleotide, oligonucleotide or nucleic 
add probes may be double or single stranded, or PCR fragments amplified from cDNA. 

The methods and substrates according to the present specification are equally applicable 
5 to other types of molecules. For example, one skilled In the art could easily adapt the 
present methods and arrays to apply to targets including for example proteins such as 
antibodies, antigens, peptides, oligo or poly-sacharides. receptora. haptens and Hgands. 
drugs, toxins, liposomes and more. 

0 in another embodiment, the invention relates to a metal oxide substrate, which is 
obtainable according to the method of the present invention, having a surface that is 
coated with a polymer, preferably with a polypeptide, and even more preferred with poly-L- 
lysine. said substrate having biomolecules immobilised thereon, wherein said 
biomolecules are Immobilised on said substrate by covalent binding by means of 
5 electromagnetic irradiation. In a preferred embodiment said metal oxide substrate is a 
porous metal oxide substrate. In a more preferred embodiment, said porous metal oxide 
substrate has oriented through-going channels. In an even more preferred embodiment, 
the metal oxide substrate is a porous aluminium oxide substrate, having oriented through- 
going channels. 

20 

In another embodiment, the invention relates to a metal oxide substrate, having a surface 
that is coated with a polymer, said substrate having biomolecules Immobilised thereon, 
wherein said biomolecules are Immobilised on said substrate by covalent binding by 
means of electromagnetic irradiation. In a preferred embodiment the Invention relates to a 

25 metal oxide substrate, having a surface that is coated with polypeptides, said substrate 
having biomolecules Immobilised thereon, wherein said biomolecules are immobilised on 
said substrate by covalent binding by means of electromagnetic Irradiation, in a more 
preferred embodiment, the Invention relates to a metal oxide substrate, having a surface 
that Is coated with poly-L-lysin, said substrate having biomolecules immobilised thereon, 

30 wherein said biomolecules are immobilised on said substrate by covalent binding by 
means of electromagnetic Irradiation. In a preferred embodiment said metal oxide 
substrate Is a porous metal oxide substrate. In a more prefen^ed embodiment, said porous 
metal oxide substrate has oriented through-going channels, in an even more prefen^d 
embodiment the metal oxide substrate is a porous aluminium oxide substrate, having 

35 oriented through-going channels. 



ln-another-embodimentrtheHnvention-prDvrd@s~^aT^^ 'oxide substrate, having a 
surface ttiat is coated with a polymer, said sut>strate having biomoiecuies immob/Hsed 
thereon, wherein said biomoiecuies are immobilised on said substrate by oovalent binding 
by means of eiectromagnetic irradiation. In a preferred embodiment the invention relates 
.to aluminium oxida substrate, having a surface that is coated with polypeptides, said 
substrate having biomoiecuies Immobitised thereon, wherein said biomoiecuies are 
immobilised on said substrate by covalent binding by means of electromagnetic 
in-adiation. In a more preferred embodiment, the invention relates to an aluminium oxide 
substrate, having a surface tiiat is coated with poly-L-lysin, said substrate having 
biomoiecuies immobilised Uiereon, wherein said biomoiecuies are immobilised on said 
substrate by covalent binding by means of electnamagnetic irradiation, in a preferred 
embodiment said aluminium oxide substrate is a porous aluminium oxide substrate, in a 
more prefenred embodiment, said porous aluminium oxide substrate has oriented through- 
going channels. 

According to a particularly preferred embodiment tiie invention tiius provides an 
aluminium oxide porous substrate coated with poly-L-lysine. Because of the advantageous 
characteristics of a porous aluminium oxide substrate and a poly-L-lysine coating, as 
explained above, specific combination of such substrate and such coating is particularly 
prefenred. Since aluminium oxide is very hydrolysable and degradabie by aqueous 
solutions having high or low pH and since the poly-L-lysine solution is of basic pH, coating 
of an aluniinium oxide substi^te wifli poly-L-lysine Is not obvious. The present invention 
provides a method that is capable of moditying and coating the aluminium oxide substrate 
witti poly-L-lysine despite the basic character of ttiis polymer. 

ly^tai oxide substifates according to any of the embodlmente of the present invention, are 
very useful for perfomrilng gene expression analyses, for example in probe-based assays. 
Probe-based assays comprise for es^mpie nucleic acid hybridisation assays and 
immunological assays, sequencing by hybridisation, receptor/iigand assays and ttie like. 

The present invention therefore also relates to a method for performing probe-based 
assays, comprising contecting a sample comprising an analyte to a metei oxide substrate 
having biomoiecuies immobilised tttereon according to any of ttie embodimenis of the 
present invention; incubating said sample with said substrate under conditions suiteble for 
allowing binding of said analyte In said sample to said bionnolecuies ImmobBlsed on said 
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substrate; and detecting the binding of said analyte in said sample to said blomolecule 
ImnfTObllised on said substrate. 

As used herein, the term "analyte" or -analyte molecule-, "analyte nudeic add" and 
-analyte sequence" are used interchangeably. An "analyte" is defined herein as a 
substance in a mixture that may be detected because of its capability to interact 
specifically with a selected reagent, e.g. blomolecules spotted on a substrate, capable of 
reacting with the analyte. The term "analyte" refers to a nudeic add sequence, the 
presence or absence of which is desired to be detected in a sample. Analyte nudeic add 
can be single-stranded or double-stranded. Additionally, the analyte nudeic add may be 
nudeic add in any form most notably DMA. RNA. PNA. induding fragments thereof. 

As used herein, the tenn "sample" refers to a substance that is being assayed for the 
presence of one or more analyte molecules of Interest sudi as e.g. nudeic adds. The 
nudeic add or nudeic adds of interest may be present in a mbcture of other nudeic adds. 
A sample, containing nudeic acids of Interest, may be obtained in numerous ways known 
in the art. 

Virtually any sample may be analysed using the method according to the present 
20 spedflcation Induding cell lysates. purified genomic DNA. body fluids sudi as from a 
human or animal, dinlcal samples, food samples, etc. Usually, the sample is a biological 
or a blodiemlcal sample. The tenn "biological sample." as used herein, refers to a sample 
obtained from an organism or firom components (e.g.. cells) of an organism. The sample 
may be of any biological tissue or fluid. Frequently the sample will be a "dinlcal sample" 

25 whldi is a sample derived from a patient Sudi samples Indude. but are not limited to. 
sputum, cerebrospinal fluid, blood, blood fradions sudi as serum Including fetal serum 
(e.g., SFC) and plasma, blood cells (e.g.. white cells), tissue or fine needle biopsy 
samples, urine, peritoneal fluid, and pleural fluid, or cells there from. Biological samples 
may also Indude sections of tissues such as frozen sections taken for histological 

30 purposes. The sample can be, for example, also a physiological sample. 

Samples may be analysed direcHy or they may be subject to some preparation prior to 
application on a substrate accorxling to this invention. Non-limiting examples of said 
preparation include suspension/dilution of the sample in water or an appropriate buffer or 
35 removal of cellular debris, e.g. by centrifugation, or selection of particular fradions of the 
sample before analysis. Nudeic add samples, for example, are typically Isdated prior to 



— assay-andrln-some-embodlmentsrsrabjiststsa-to proceduiw^^^ such as reverse transcrtption 
and/or amplification (e.g.. polymerase chain reaction, PGR) to increase the concentration 
of all sample nudeic adds (e.g., using random primers) or of specific types of nudeic 
adds (e.g., using poiynudeotide-thymidylate to amplify messenger RNA or gene-spedfic 

9®"® ^9^''^^):.J*}9 ^fpp^^^po'i^n^f^ set put. ln:;WQ.. ~_ 
99/43850 may also be used in the present invention. 

in probe-based assays, a sample that comprises an analyte is contacted with a substrate 
provided with blomolecules prepared according to the invention. The analyte Is 
subsequently allowed to bind to the biomolecuie that is covalently attached to the surface 
of the substrate. Detection of binding can be performed by (1) adding a detection means, 
for example a substance capable of binding to the analyte. which substance is provided 
with a label, (2) allowing the detection means to bind to the complex of the analyte and the 
biomolecuie, and (3) determining whether the label Is present at the position where the 
biomolecuie was attached. Alternatively, the analyte may already have been provided with 
a label, in which case binding to the biomolecuie can be detected directly, without the 
addition of a detection means. 

in an example, a DNA-contalnIng sample is subjected to extraction to separate mRNA or 
genomic DNA, from which cDNA or target DNA is obtained. The cDNA or target DNA is 
labelled with a fluorescence Indicator to give a labelled target DNA fragment (which may 
be a labelled RNA fragment). The labelled target DNA fragment is then hybridised with the 
oOgonucleotlde or polynudeotide of a substrate according to the present invention to 
obtain a hybridised substrate. The hybridised substrate is scanned by fiuorometry in a 
known DNA scanning fluorometric apparatus, to give a graphical representation of the 
positions where the hybridised DNA fragments are present. 

When a substrate according to the invention is used as a tool to obtain DNA sequence 
Infomiation, a large anray of areas Is provided, each area comprising as a first binding 
substance an oligonucleotide probe of a different base-pair sequence. If a sample 
containing DNA or RNA fragments with a (partly) unknown sequence is brought Into 
contact with said substrate a specific hybridisation pattern may occur, fix)m which pattern 
the sequence infomiation of the DNA/RNA can be derived. Such "sequencing by 
hybridisation" methods are well known In the art (see e.g. Fodor, S.PA et al. (1992), 
Sdenoe 261. 767-773 and Southern. E.M. et al. (1994) Nudeic Adds Res. 22, 1368^ 
1373). 
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A substrate according to the present invention may also be used to screen a biological 
specimen, such as blood, for a large number of analytes. An an-ay may consist of areas 
comprising oligonucleotide probes specific for. for example. E. coli. S. aureus. S. 
pneumoniae etc. If a biological sample Is brought into contact wHh the substrate, the 
resulting hybridisation pattern can be read e.g. using a CCD camera in combination with 
an appropriate optical marker. Apart from screening for bacteria, the substrate Is suiteble 
for the detection of viaises. as well as the classification of different subtypes of. for 
example. HIV- and HCV viruses, etc. Vlnjs classification may be essential to detemiine 
potential dmg resistance. In general It requires the ability to detect single point mutations 
in the >nrus RNA. 

A substrate according to the Invention is also suitable for performing sandwich 
Immunoassays. In that case. It Is prefenred that a second antibody Is used for binding to 
15 bound analyte, said second antibody for each of the analyte being recognised by a third, 
labelled antibody. This may be achieved if the second and third antibodies are derived 
from different species and the third antibody Is raised against antibodies of the other 
species. Thus It is avoided to label the second antibody for each particular analyte. 

20 A substrate according to the invention is also suited for perfomiing "pepscans" as 
disclosed in Geysen et al., Proc. Natl. Acad. Sci. USA 81:3998-4002 (1984). In that case 
the firet binding substances that are attached to the different areas of the substrate 
constitute different sequences of aminoaclds. If the substrate Is brought into contact with a 
liquid that contains a particular analyte. a reachon pattem may occur represenUng the 

25 spedflc affinity of the analyte for the different amino acid sequences. 

Examples of analytes which may bind to biomolecules provided on a metal oxide 
substrate according to the present invention include, but are not limited to. antibodies 
including monoclonal antibodies polyclonal antibodies, purified antibodies, synthetic 

30 antibodies, antisera reactive with specific antigenic determlnante (such as viruses, cells or 
other materials), proteins, peptides, polypeptides, enzyme binding sites, cell membrane 
receptors, lipids, proteollplds. dmgs, polynucleotides, oligonucleotides, sugars, 
polysaccharides, cells, cellular membranes and organelles, nucleic adds Including 
deoxyribonucleic acids (DNA). ribonucleic acids (RNA). and peptide nucleic adds (PNA) 

35 or any combination thereof; cofactors, lecUns. metabolites, enzyme substrates, metal Ions 
and metal chetates. 



The present invention also relates to a kit of parts comprising a metal oxide substrate 
according to any of the embodiments of the present Invention, further comprising a 
detection means for determining whether binding has occurred between the blomolecules 
5. .and airanalyte. Preferably, such detection means is a substence capable of binding to the: 
anaiyte and being provided with a label. Such label is in particular useful. If it is capable of 
inducing a colour reaction and/or capable of bio-or chemo-or photolumlnescence. 

In accordance to the present Invention, radio-isotope (Ri) label or a non-RI label may be 
used. Preferably a non-RI label Is utilized. Examples of non-RI labels include fluorescence 
label, blotin label, and chemical luminescence label. The fluorescence lafciel Is most 
preferably employed. E)ffiimples of the fluorescence labels Include qranine dyes (e.g.. Cy3 
and Cy5), fluorescein isothiocyanate (FITC), rhodamine 6G reagent, N-acetoxy-N-acetyl- 
aminofluorene (AAF). and AAIF (iodide derivative of AAF). The anaiyte labelled with 
different fluorescence indicators can be simultaneously analysed, if the fluorescence 
indicators have fluorescence spectrum of different peaics. 

The invention is further illustrated by the following non-limiting examples. 
Examples 

E}»mple 1 : Preparation of a metal oxide substrate according to the present method 

This example illustrates the preparation of a porous aluminium oxide according to the 
rhetiiod of the present invention. 

A porous aluminium oxide substrate is submerged with a poly-L-lysine solution having a 
concentration of 0.1% w/v for 1 hour. Subsequently, the poly-L-lysine solution Is discarded 
and the substrate is washed with fiWered HPLC-H2O. The substrate is than dried In an 
oven at 37'»C for approximately 1 hour at vacuum pressure. After this step the substrate Is 
stored at room temperature for approximately at least one weelt before further use. 
After the storage period, blomolecules are spotted on the substrate and cross-linlied to the 
substrate by means of UV in-adiation. Subsequently, the substrate is baiced in an oven at 
80°C for 2 hours. Following the balding step, unloaded amine groups of the polypeptide 
(poly-L-lysine) on the substrate are blocked by means of a blocking agent, such as 
succinic anhydride dissolved in DMSO. After the blocking step the substrate Is washed 
with DiVISO and filtered HPLC-H2O and further dried in an oven at 80'C for approximately 
10 minutes. The obtained porous aluminium oxides substrate can now be used in probe- 
based assays, or can be stored. 
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Example 2: Use of a metal oxide substrates according to the present method 
Porous aluminium oxide substrates, prepared as indicated example 1. were used in 
probe-based expression analyses to analyse the expression profile of 23 human genes. 
6 The results obtained with these substrates were compared with those obtained by real- 
time quantitative RT-PCR. a glass cDNA array and RI^ blots. Further, specificity, 
reproducibility and sensitivity of substrates used In this example were examined. 

Pmpamtton of an array 

10 Porous aluminium oxide substrates were prepared as explained in example 1 . The spotted 
blomolecules comprised 60-mer oligonucleotides, which were selected In both polarities 
using appropriate software. The substrates used this example consisted of 120 spots In 
which 46 of 60-mer oligonucleotides from 23 human genes, two Cy3/Cy5 reference 
oligonucleotides used for mlcrx)scope focusing, two negative controls (poly dA and human 

15 COT-1 DMA) and 10 exogenous alien oligonucleotides were spotted in duplicate. 

Ant* iyRi!t ofexoresft'on orofUe o f 9!t human aenes 

RNA was extracted from heat-treated and non-treated human T (Jurkat) cells. Heat- 
treated cells were Incubated for four hours at 43-C as previously described (Schena et al.. 

20 PNAS 93:10614-10619, 1996). 

The expression levels of 23 human genes was compared between control (HS-) and heat- 
troated (HS+) cells using single fluorescein labelling. Table 1 summarizes quantitative 
results of this experiment Expression in 21 of the 23 human genes was detected. 
Differential expression (ratio >1.5) was Identified In heat-treated human T cells in 12 of the 

25 23 human genes (Table 1). 



-T^bIe-1.^Expressfon-profile-of-^3'human-genesTiiOTlto^^ 
invention 



Blast Identity 



DescriptJon 



Accession no. 



Normalized signal ° Ratio 
HS+/HS- 



10 



15 



20 



25 



30 



HSP90a 
HSP90P 
Polyublquitin 

-TCP-i 

DnaJ homolog 

Novel 

3-actin 

PAC-1 

PGK 

NF-kBI 

DUSP1 

SOD1 

PDUM1 

FKBP4 

HSP60 

HSP70 

HSP40 

UBE1 

SmurF2 

E2G1 

RPL37A 

RPL32 

RPL2B 

° The median signals 



stress response X15183 2,50/0.29 

stress response M16660 5.57/1.^9 

stress response 1^17597 _ _ 1.85/0.60 

- stress response X52882 0.1 7/0.02 

stress response D13388 0.47/0.07 

unclassified U56655 0.20/0^2 

cytoskeletal protein X00351 5.77/6.97 

phosphatase of activated cells L1 1329 0.09/0.03 

Phosphoglycerate kinase L00160 0.06/0.04 

nuclear ^cfor-kappaB M55643 ND 

stress response X68277 0.06/0.04 

stress response X0231 7 1 ,95/0.86 

stress response U90878 1 .45/1 .58 

stress response M88279 0.244/0.18 

stress response NM_002156 2.96/0.96 

stress response NM_004134 0.09/0.08 

stress response NM 012266 ND 

stress response M58b28 0,31/0.21 

stress response NM_022739 0.1/0.09 

stress response NM_003342 0.05/0.04 

ribosomal protein L06499 5.48/4.84 

ribosomal protein NM_000994 1.61/1.49 

ribosomal protein NMJD00991 0.62/0.55 



of 10 alien spike genes were used for normalizatton 



8.6 

3.3 

3.1- 

8.6 

6.4 

0.5 

0.8 

3.4 

1.5 

ND 

1.4 

2.3 

0.9 

1.3 

3.1 

1,1 

ND 

1.5 

1.1 

1.6 

1.1 

1.1 

1.1 



NO 



not detected. 



The expression level of 23 hunian genes was also compared between control (HS-) and 
heat-treated (HS+) cells using dual Cy3/Cy5 labelling. Dual labelling Is common practice 
for gene expression In order to compare the mRNA expression level of a treated sample 
35 to a known sample. Similar expression pattems.were. obtained In these hybridisation 
experiments as compared to that of single dye fluorescein labelling. 



Validation of the results obtained with substrates according to the pmsenf inM^p finn 
The expression profiling results obtained with substrates of this example were compared 
40 with those obtained by real-time quantitative RT-PCR. fn glass cDNA an^ys and RNA 
blots. 

To verify expression patterns on the present substrates, real-time quantitative RT-PCR 
based on SYBR Green 1 assay was perfonned using total RNA from control (37^C) and 
heat-treated (43«C) human T cells. Real-time quantitative RT^PCR confirmed a change In 
45 expression of 8 of 12 (67%) genes as Identified by anrays of tills example (Table 1). 
Trends (up regulation or no change) Identified by substrates of this example could be 
validated In 21 of the 23 cases. Genes with strong hybridisation signals could be validated 
by real-time RT-PCR. 
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Furthermore, the expression of the 10 genes monitored by the present anays was 
compared to the expression monitored on glass cDNA arrays (Schena et al 1996) and 
RNA blots (table 2). The expression of 9 of these 10 genes could be confirmed. 
Differential expression of 5 heat shock genes (HSP90a. HSP90p. Polyubiquitin, TCP-1 
and DnaJ homolog) was confimied upon heat treatment 

Table 2. Expression profile of 23 human genes monitored by multi-platforms 



Blast ID 

HSP90-a 
HSP90P 
Polyubiquitin 
TCP-1 

DnaJ homolog 
Novel 

PAC-1 
PGK 
NF-kB1 
DUSP1 
SOD1 
PDLIM1 
FKBP4 
HSP60 
HSP70 
HSP40 
UBE1 
SmurF2 
E2G1 
RPL37A 
RPL32 
RPL28 



Accession no. 

PamChIp 
X15183 
Ml 6660 
M17597 
X52882 
013388 
U56655 
X00351 
L1 1329 
L00160 
M55643 
X68277 
X02317 
U90878 
M88279 
NM 002156 
NMJ)04134 
NM 012266 
M58028 
NM 022739 
NMJ)03342 
L06499 
NM 000994 
NM'"000991 



Ratio* 


Ratto"* 


Q-PCR 


Glass 


8.6 


7.9 


3.3 


3.6 


3.1 


5,1 


8.6 


1.9 


6.5 


3.0 


0.5 


1.4 


0.8 


1.2 


3.4 


2.3 


1.5 


1.8 


ND 


1.6 


1.4 


5.2 


2.3 


1.2 


0.9 


0.8 


1.3 


5.9 


3.1 


2.1 


1.1 


1.5 


ND 


1.6 


1.5 


1.2 


1.1 


1.0 


1.6 


1.0 


1.1 


1.0 


1.1 


1.2 


1.1 


1.0 



Ratio* 
cDN A*^ 
5.8 
2.6 
2.5 
2.4 
4.0 
2.0 
0.5 
19*^ 
2.6** 

3.e^ 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 



Ratio' 
RNA blot!* 
7.2 
4.0 
ND 
3.8 
8.1 
2.3 
1.0 
71^ 
2.0** 
7.2^ 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 



« Ratio Indicates heat-treated cells/control cells 
PGR 

^ not detected: "^^not avattable 

In conclusion, the results obtained with substrates according to the present invention 
corresponded to those obtained with other types of arrays or detection systenis. 



snsnificitv of ^nh.<,tratfis acc ardina to the present invention 

To assess the specificity of gene expression on substrates of this example, negative 
controls (poly dA and human COT-1 DMA) and antlsense oligonucleotides of 23 human 
genes were spotted on said substrates In duplicate. Hybridisation signals were not 
detectable for any of the negative controls. Furthemiore. no significant signals could be 
detected in all antisense oligonucleotides from the 23 human genes. These results 



1^— ^TndiGate«-^lhaVhybridisa«6n-to^ array in this example is 

very spedfia 

Reoroducibilitv of substrates a ccording to the orBsent invenfinn 
. 5 To determine tfie reproducibility results obtained jwlth the present airay,. four_.. 
hybridisation experiments were repeated using the same tvw> samples vwth fluorescein 
labelling under the same hybridisation conditions. The two samples comprised 5pg of Flu- 
labelled aRNA from control and heat-treated cells. The raw data Images obtained were 
analysed using appropriate software. The values of signal intensity were normalized using 
10 the mean values of median signals from the 10 exogenous alien spikes. Data from the 
four hybridisations with the same sample (control or heat-treated IRNA) were combined so 
that the results from the two data sets could be examined. The average variability 
between anays was below 10% CV (coefficient of variation). This indicated that results 
obtained with arrays according to the present invention are reproducible. 

15 

Sensitivity of substrates according to the present invention 

In order to assess the sensitivity of gene expression on said substrates, 6 human genes 
(HSP90a, HSP90i9. PoiyUBQ, TCP-1. Novel and fi-acWn) were used to determine 
minimum sample amount required for detection. TransCTipts of these genes were 

20 generated and individually labelled with fluorescein. Cy3 or Cy5. After purifications, the 
concentration of individually amplified RNA (al^NA) was detemiined by measuring the 

optical density at 260 nm. _ . . 

The minimum detectable amount was comprised between 1 and 4 pM, i.e. from 12 x 10® 
molecules to 48 x 10* molecules, of transcript for all tested genes using fluorBscein, CyS 

25 or Cy5 labelling. These results are shown In Table 3. 



Table 3. I\4inimum sample amount required fbr detection on substrates aocoixllna to the oresent 

Invention 



30 



35 



40 



Blast identity 
CyS 


Aocessfon no. 


Size of aRNA 
(bp) 


Input of 4 pM 
Ru Cy3 


CyS 


input of 2 pAI 
Ru Cy3 




HSP90a 


XI 51 83 


377 




+ 


+ 






+ 


HSP9DP 


M16660 


405 


+ 


+ 




+ 


+ 




Polyubiquitln 


M17697 


219 


+ 


+ 


+ 








TCP-1 


X52882 


357 


+ 


+ 


+ 


+ 


+ 


+ 


Novel 


U56655 


215 


+ 


+ 


+ 








P-actin 


X00351 


364 


+ 


+ 


+ 


+ 




+ 


+, signal was detectable ; signal was not detectable. ~~ " 
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In conclusion, the present example illustrates the effective use of substrates according to 
the present invention in probe-based assays, e.g. in gene expresston analyse. 
Furthennore the examples illustrate that substrates according to the Invention are suitable 
for providing specific, sensitive and reproducible data. 
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Claims 



1. A method for providing blomolecules on a metal oxide substrate comprising the steps 

a) coating said substrate with a polymer by bringing said substrate Into contact with a 
solution comprising said polymer such that the polymer in said solution is able to fomi a 
coating on a surface of said substrate, 

b) deposing said blomolecules onto the substrate obtained In step a) by bringing said 
biomolecules into contact with said substrate, and 

c) immobilizing said biomolecules onto the substrate obtained In step a) by covalently 
binding said biomolecules to said substrate by means of electromagnetic Inradlation. 

2. A method accoixling to claim 1. wherein said polymer is substantially adsorptively 
bound on the metal mdde substrate. 

3. A method according to claim 1 or 2. wherein said polymer comprises multiple amide 
functional groups and/or multiple cationic functional groups. 

4 A method according to any of claims 1 to 3. wherein said polymer is selected from tt^e 
group comprising poly-asparlate. poly-glutamate. poly-cystein. poly-serin, poly-mettiionin. 
poly-arglnin, poly-hlsOdln. poly-tryptophan. poly-alanine. poly-lysine. poly-leucln. poly- 
Isoleudn. poly-tyrosine. poly-valln. poly-^lycln. poly-prolin. poly-phenylalanin. poly- 
threonln. polymers of ottier natural and non-natural amino acids and derivatives and 
mixtures thereof. 

5. A mettiod according to claim 4 wherein said polymer is poly-L-lysin. 

6. A method according to any of claims 1 to 5. wherein said metal oxide substi^te Is a 
porous metal oxide substrate. 

7. A method according to any of claims 1 to 6. wherein said metal oxide substrate is a 
substrate having oriented tiirough-golng channels. 

8. A mettiod according to any of claims 1 to 7. wherein said metal oxide substrate Is an 
aluminium oxide substrate. 



. A metnoa accoraing to any of daims 1 to 8. wherein the biomolecules are Immobilized 
on the substrate in spots, thereby fonning an array of spots. 

10. A method acc»rding to any of claims 1 to 9, wherein said biomoleoiles comprise the 
same or different Momolecules. i;. ... _. _'_ 

1 1. A method according to any of claims 1 to 10 wherein said biomolecules are selected 
firom the group comprising oligonucleotides, polynucleotides, ribonucleotides, proteins, 
antibodies, antigens, peptides, oligo or poly saccharides, receptors, haptens, ligands. 
antibodies, antigens, peptides, ollgo or poly saccharides, receptors, haptens and ligands. 
drugs, toxins and liposomes. 

12. A metal oxide substrate obtainable according to the method of any of claims 1 to 11, 
having a surface that is coated with a polymer said substrate having biomolecules 
immobilised thereon, wherein said biomolecules are Immobilised on said substrate by 
covalent binding by means of electromagnetic inadiation. 

13. A metal oxide substrate according to claim 12, wherein said metal oxide substrate is a 
porous aluminium oxide substrate, having oriented through-going channels. 

14. A metal oxide substrate, having a surface that is coated with a polymer, said substrate 
haying biomolecules Immobilised thereon, wherein said biomolecules are immobilised on 
said substrate by covalent binding by means of electromagnetic irradiation. 

15. A metal oxide substrate according to dalm 14. wherein said metal oxide substrate has 
a surfoce that is coated with a polypeptide, and preferably with poiy-L-lysine. 

16. A metal oxide substrate according to daim 14 or 15. wherein said metal oxide 
substrate is a porous aluminium oxide substrate, having oriented through-going channels. 

17. An aluminium oxide substrate, having a surface that is coated with a polymer, said 
substrate having biomolecules Immobilised thereon, wherein said biomolecules are 
immobilised on said substrate by covalent binding by means of electromagnetic 
irradiation. 
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18. An aluminium oxide substrate according to claim 17. wherein said substrate has a 
surface that is coated with a polypeptide, and preferably with poly-L-lysine. 

19. An aluminium oxide substrate according to claim 17 or 18. wherein said substrate is a 
porous aluminium oxide substrate having oriented through-going channels. 

20. A kit or parts of a kit comprising a metal oxide substrate according to any of claims 12 
to 19. further comprising a detection means for detennlning whether binding has occumed 
between blomolecules and an analyte, 

21. A kit accoKling to claim 20. wherein the detection means is a substance capable of 
binding to the analyte and being provided with a label. 

22. A kit according to dalm 21. wherein the label Is capable of Inducing a cotour reactfon 
1 5 and/or capable of blo-, chemi- or photolumlnescence. 

23 Method for performing probe-based assays, comprising the steps of. 

contacting a sample comprising an analyte to a metal oxWe substrate having 
blomolecules Immobilised thereon according to any of claims 12 to 19; 
20 Incubating said sample with sakJ substrate under conditions suitable for allowing 
binding of said analyte In said sample to said blomolecules Immobilised on said substrate: 
and 

detecting the binding of said analyte In said sample to saW blomolecule immobilised 
on said sut)strate. 



25 



24. Use of a metal oxWe substrate according to any of claims 12 to 19 for performing 
probe-based assa^. 
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Abstract 



Metal oxide substrates having blomolecules Immobilised thereon 

The present Invention relates to an improved method for providing blomolecules on a 
metal oxide substrate. In another aspect, the invention relates to a metal oxide substrate, 
having a surface that is coated with a polymer, said substrate having blomolecules 
immobilised thereon, wherein said blomolecules are Immobilized on said coated surface of 
said substrate by covalent binding, by means of electromagnetic liradlation. In another 
aspect, the Invention relates to the use of a metal oxide substrate according to the 
iftvention for perfonning probe-based assays. 
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